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1. EXECUTIVE SUMMARY

The background of the current controversy about ATV is discussed, with emphasis being
given to the economic interests of the parties concerned and of the country as a whole, and to
the economic consequences of the Commission's decisions. It is pointed out that both the
Interim Report and TeJ;ltative Decision allow alternative media to adopt different ATV
transmission formats and that this might well lead to the marketing of several kinds of mutu­
ally incompatible receivers. Such a situation is deemed highly detrimental to everyone's
interests and the Commission is urged to take positive action to prevent it. In evaluating
advice received, the Commission is requested to take account of the fmancial interests of the
advising parties.

Although ATV is viewed as a primarily economic and political question, technology is
shown to have a potentially significant role. It is now thought to be possible to design totally
new systems that are more efficient in use of spectrum - that might allow for more stations in
a smaller overall allocation - and yet might provide substantially improved quality in the
home in the face of (typically) adverse transmission systems in today's terrestrial channels. In
view of the fact that subjective picture quality in American homes is limited primarily by
transmission defects, and not by the number of scan lines, the eventual adoption of such a
spectrum-efficient system together with the eventual phasing out of NTSC emerges as the most
important recommendation in these comments.

The influence of the choice of ATV transmission standards on the possible scenarios for
the introduction of improved television is presented. The question of compatibility is discussed
and it is pointed out that this is primarily related to the maintenance of audience share at the
lowest cost by today's broadcasters. While this is highly desirable as the most direct way to
maintain free and universal service, the public interest in this question can be satisfied by set­
ting a cutoff date for NTSC sufficiently far in advance. The possibility of developing a friendly
family of transmission standards for alternative media is presented, together with the vista of a
superstandard from which the three probable production standards (in the US, Europe, and
Japan) might be derived.

The Open-Architecture Receiver (OAR) is presented as a means of simplifying, but by no
means eliminating, the question of setting ATV transmission standards. It also permits a great
deal of flexibility in interfaces with other equipment and with respect to the ,introduction of
further system improvements without obsolescence. The question of cost is discussed and it is
concluded that the cost increment over the cheapest possible ATV receiver of the same picture
size is likely to be very small or nonexistent. The baselessness of most objections to the OAR
is pointed out.

Finally, a series of specific recommendations is made, the foundation for which is found in
the requirement that the Commission act in the public interest. These recommendations
include abandoning support for the NHK production standard, particularly for testing proposed
ATV systems; making a defmite plan for the orderly introduction of ATV, including the even­
tual phasing out of NTSC; requiring ATV receivers to be adaptable to a certain range of
transmission formats; and encouraging alternative media to adopt a friendly family of transmis­
sion formats by such receiver regulations and by other appropriate means.



2. INTRODUCTION AND BACKGROUND

In this section, events leading to the Inquiry and the work accomplished thereunder up to
this point are briefly summarized. Comments are made on the Interim Report [1] and the
major decisions to be made by the Commission are outlined.

2.1 Origin of the Controversy

The Inquiry arose out of the perceived need of broadcasters for additional spectrum with
which to compete with ATV provided by alternate media. In view of other claims on spec­
trum, particularly from land-mobile radio, broadcasters felt threatened and called for the
Inquiry and a freeze on spectrum reallocation. Since it is broadcasters who provide free and
universal TV service to the public, the Commission rightly felt that it was in the public
interest at least to examine this matter.

It should be borne in mind that there is no sign whatever of a grass-roots demand for
improved picture quality, and no evidence that th:e social role of television would be changed in
any significant way by ATV. There iB ab~dant· evidence of a strong desire for, and willing­
ness to pay for, the right kind of programs. This being the case, it is not in the short-term
interests of broadcasters to invest in better quality except for the purpose of protecting their
audience share. There is some possibility, however, that viewers would eventually learn to
appreciate HDTV, especially as programs were produced that took advantage of its special
capabilities. Therefore, the long-term survival of over-the-air 1>roadcasting probably does
require eventually equalling the picture and sound quality of alternative media.

An important point often neglected is that, in most cases, it is not bandwidth per Be that
limits picture quality actually observed in the home. Quality is limited at the present time pri­
marily by signal degradation in the analog channel due to noise, echoes, interference, and dis­
tortion due to imperfect frequency response. Indeed, in the audience studies we conducted in
December 1987 in which we compared NTSC and HDTV (1125-line wideband system), it
became apparent that the perceived difference, as it might affect purchase decisions, between
525- and 1125-line systems in the studio was much smaller that the difference between 525 in
the studio and 525 in the home. The moral of this story is that, unless effective steps are
taken to improve transmission performance, most proposed ATV systems will not, in fact,
make better pictures in typical American homes.

2.2 Interests of the Parties

As indicated above, the evidence is that viewers are interested primarily in more attrac­
tive programs. Since more than half of the TV households pay for cable service, and since this
is usually for a wider program choice, (some do take cable because free broadcast TV is una­
vailable or of unacceptable quality) it is clear that this interest is quite strong. Secondarily,
there surely would be Bome interest in higher picture and sound quality, particularly the latter,
but the difference in quality would have to be very large to coax viewers to pay a large amount
extra for it. As our studies have shown, the quality difference in the studio provided even by
the 1125-line wideband system is marginal. For much of present-day subject matter, it is insig­
nificant. The really large quality difference is found today between the studio and the home.
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Aside from viewers, interest in ATV is almost exclusively based on economic considera-
~ 'tions. For broadcasters, it is a question of audience share. For manufacturers, it is a question

of potential profits from sales of professional equipment and receivers. For the country as a
whole, it is a question of employment as well as the effect on the trade balance and the federal
deficit.1 Recently, attention has also been given to the possible effect of ATV on the semicon­
ductor and consumer-electronics industries and on the general state of industrial competitive­
ness.

2.3 The Interim Report

The Interim Report reflects the interests of the companies and industries represented on
the Advisory Committee; therefore, no statement that seriously offended any participant found
its way into the rmal version. Thus, as expected and no doubt as intended, it represents a con­
sensus of the views of the industry. While this is not a bad thing, particularly to the extent
that the Commission believes its primary role is to adjudicate within the broadcasting industry,
it tends to overlook the long-term interests of the country as a whole. It is clear to many out­
side observers that the most important aspect of ATV is what it may eventually to do the
health of consumer electronics and semiconductor manufacturing. While many would hold
that this is not the business of the Commission, surely it is the business of the government as a
whole, since government decisions will have so much effect. It is not clear at present which
government organs can or will take charge of this matter.

In spite of these limitations, the Interim Report is a good document. Most of the conclu­
sions.are sound, and evidently were acceptable to the Commission, since they formed the basis
for the Tentative Decision. However, the Report did not resolve two conflicts. One is the
desire of terrestrial broadcasters to set a single standard for all media (a natural desire since
the over-the-air channel is technically the poorest) and the desire of alternative media to go
their own ways. The second, which derives from the first, is the likelihood that there will be a
multiplicity of ATV transmission standards used in the various media. Should several kinds of
mutually incompatible ATV receivers appear on the market, ATV will have been struck a seri­
ous, if not fatal blow. (For those who wish ATV would go away, this would not be a bad out­
come.) If this happens, everyone. concerned, including unwary consumers who buy such
receivers, will lose money. It is a situation to be avoided, if at all possible.

2.4 The Tentative Decision and Further Notice of Inquiry (FNOI)

The Further Notice [3] goes a long way toward reclaiming ATV as a subject for decision
by Americans and not by other countries for us. Every American should applaud it. At the
same time, we should recognize the limitations that it carries over from the Interim Report,
namely the tacit approval given to incompatible developments of ATV in the alternative media
and the consequent likelihood that mutually incompatible receivers will be put on sale.

The decision that ATV transmissions were to be viewable on today's receivers, either by
sbnulcasting or by use of a receiver-compatible format, was p~rdained by the large installed

lThe iDtelelu of the various parties were discuaaed at IeDcth ill Ill)' Commeuu on the NOI. [21
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receiver bue. No responsible person ever advocated anything else. However, it leaves
~ unresolved the question as to how we are to get to a new system that might have real advan­

tages over what we have now. The existing system suffers from a chronic spectrum shortage,
primarily due to its extravagant use of bandwidth. .At the same time, the average picture
quality. in American homes is a disgrace - a disgrace that will not automatically disappear
with the adoption of a new system that simply has more scan lines.

The Commission stated its intention to give additional spectrum to existing licensees with
the VHF and UHF bands for ATV purposes. The most important technical issue raised is the
matter of the improved interference performance required for signals to be used in these newly
awarded channels either as augmentation for NTSC transmissions in receiver-compatible imple­
mentations of ATV or as independent ATV signals in the simulcast implementations. Of the
various proposals now before the Inquiry, only those of Zenith and MIT address this issue, and
will be discussed below.

2.5 Choices Before the Commission

The primary choice is what kind of television system the country is to have after the
changes about to start will have been completed. This choice cannot be avoided - it is the
heart and soul of regulating in the public interest. It is a choice that cannot be left completely
to a free market, since, by its nature, broadcasting can never be completely free. No one,
except perhaps a libertarian here or there, advocates letting anyone who wants to broadcast to
put up a station and transmit on any standard he pleases. Furthermore, the time scale
required to develop and deploy a new TV system is much too long to allow a market of the
Adam Smith' type to work. Companies that took a sufficiently long view would go out of busi­
ness long before their products reached market.

In my view, the most important questions are:

1. Is the system of free and universal service to be maintained? If so, which entity will
provide the service and what should the Commission do to ensure that that entity will
remain economically viable? If maintaining that service involves regulating receiver
compatibility or standards in other media, is the Commission prepared to deal with
that?

2. Should we maintain a single standard of performance for all programs and for all
media, or shall we permit or encourage a 2-tier or multi-tier system to evolve? In fact,
do we need or want a theatrical experience each and every time we look at the tube?
Perhaps 5OO-line quality or less is sufficient for much of the material that is transmit­
ted, and 1000 lines is not nearly enough for some other subject matter. To what
extent do we want some of this service to be 'free' and some of it paid for directly by
the viewer.3

'Tbe oriciaal, Dot ihe eurmat _thor.

IOf coane, ihe newer, partl)" as taxpa)'er, ultimMely P&7I for all forms of televilioD. n does make a diftereDce, however,
If the JI&71DeDt II exaded diredl)" from the iIldividual viewer or spread over a larser poop by taxation or by iIleorporation ill the
price of advertised products.

-1-



3. What is to be done, if anything, about the extravagant use of spectrum by NTSC?
If technologies exist or could be developed that could permit more stations in a smaller
overall spectrum allocation and at the same time provide much better picture quality
in the home, is it not the Commission's duty to make a plan to put such technology
into place eventually?

4. How will the Commission deal with the economic dislocations that will inevitably
accompany any change in the TV distribution system? How should the Commission
deal with the intention of telephone companies to put fiber into every household and
take over the job of TV signal transport from today's providers?

5. What, if any, is the Commission's duty with respect to the overall economic conse­
quences of its decision making? Should the Commission deal with effects outside the
TV broadcasting industry?

2.6 Technological Considerations

As in most public issues of consequence, the most important considerations are nontechni­
cal. In. this case, however, it appears that technology does have a significant role to play. The
various media - terrestrial, cable, DBS, VCR's, and digital fiber - have different limitations.
on information transfer rate and therefore of deliverable signal quality. All of these media"
except fiber are analog and therefore subject to transmission degradation, terrestrial being
worst and DBS being best in this respect. These media also have different bandwidth limita­
tions. Terrestrial has a lot of channels that remain unused because of interference. Cable sys­
tems are generally full, but could provide more capacity by rebuilding. Single DBS channels

. are wider and have much less degradation than the other analog media, but the total number
of channels available is much smaller.

The quality limitations for a given channel width as well as the vulnerability to analog
channel distortions are inherent to NTSC. Therefore, no substantial improvement in these fac­
tors in these channel. i, po88i61e if NTSC i, preserved. Such preservation is required for
receiver-compatible systems, and therefore these systems cannot improve picture quality very
much in typical homes, no matter how much enhancement information is transmitted. Totally
new systems, on the other hand, can be designed to give much better results.

Two kinds of receiver-compatible Systems have been proposed. One kind, typified by
ACTV from the Sarnoff Laboratories, hides the enhancement information within the NTSC
signal. The other, typified by Glenn's Vista system, uses a second channel. It is probable that
systems of the fll'St type are even more vulnerable to channel degradation than NTSC itself,
although this has to be examined on a case-by-case basis. Compatible systems that use an
augmentation channel enshrine forever the inefficiencies of NTSC and its vulnerability to chan­
nel effects. Both kinds of systems do have the advantage that they give better quality than
NTSC under good transmission conditions.

In. a,4dition to its vulnerability to channel degradation 'and to its rather poor quality per
unit bandwidth even under good conditioits, NTSC has very poor interference characteristics.
Most of these NTSC limitations are due to the use of a very simple-minded receiver; some are
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due to the state of technology at the time of system standardization. The art and science of
signal processing has advanced a great deal since NTSC/1941 and NTSC/1953 set the mono­
chrome and color standards. Technology has taken immense strides since then as well. It is
both possible and practical to do much better. More sophisticated receivers can be made and
sold at attractive prices, ~d totally new systems can be designed that provide much better
picture quality in spite of channel defects. Finally, much better interference performance can
be achieved so that more stations can be accommodated within an overall spectrum allocation.

The difficulty of using a totally new system that, of course, would be incompatible with
NTSC receivers, is one of transition. The Commission recognized this in the FNOI by requir­
ing that, for an initial period, existing receivers must be served with the same programs either
by using a receiver-compatible transmission format or by simulcasting NTSC on one channel
and ATVon another. The only implied limitation on the ATV signal is that it be channel­
compatible.

In principle, either of these approaches could be used in a transition scenario to an ulti­
mate high-efficiency system that actually delivered good pictures in typically imperfect chan­
nels. A requirement is that the intermediate, or 'bridge' system be a true technological bridge
for both broadcaster and viewer, and not simply an improvement over NTSC that is intended
to be discarded in a few years. A bridge system intended for early retirement will create
another receiver-compatibility problem. When the time comes to discard it, along with the
associated receivers and specialized studio equipment, we can expect a chorus of demands that
all this equipment be useable with the next system as well. Thus, we shall continue to miss
the opportunity to implement a really good system that would benefit everyone.

It should be plain from this argument that the simulcasting approach is much more likely
to end up with a truly improved system, since t~e simulcast signal would be some version of
the fmal system. As a practical matter, all ATV receivers that will be sold for many years
must also accept NTSC. "The simulcast receiver, therefore, can also be the receiver for the ulti­
mate system, perhaps with an inexpensive add-on or plug-in component.

2.6.1 Compatibility of different ATV formats

It now appears virtually certain that we shall have different ATV formats in Japan, in the
US, and in Europe, for both production and transmission. It appears likely that there will be
different ATV transmission formats used by US terrestrial, cable, and DBS systems. A dif­
ferent digital fiber format seems a certainty. A questions arises as to whether it would be p0s­

sible to make these various American ATV formats at least friendly enough so that inexpensive
and high quality transcoding would be possible. From the work we and others are doing on
subband coding, I now believe this is probably possible. This and the related question of
friendly production standards are dealt with in Section 4.5
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3. SPECTRUM ISSUES

Television is not simply about transmitting from one transmitter toone receiver. It is
about 1300+ transmitters and 160+ million receivers. From the regulatory viewpoint, it is
about allocation of spectrum in the public interest when there are more claimants than there is
spectrum available to satisfy them.

3.1 Is there a Spectrum Shortage?

More than half the spectrum below 1 GHz is allocated to television. In this Inquiry, the
broadcast industry was initially concerned about the possibility that some of this might be
taken away. Land-mobile and rapidly growing cellular radio systems can use more, and there
are other unmet needs (or wishes) as well. The Commission has the duty to make decisions
about the relative importance to the public of the possible uses for spectrum. Beyond that,
there is the question as to whether the various claimants are being as efficient in using the
spectrum as modem technology allows. The most glaring example of possible inefficient use is
the practice of not using more than half· the channels in any locality because of interference
conditions. In addition, stations on the same channel must be nearly 200 miles apart. There
are additional 'taboos' in UHF having to do with receiver performance.

Some of these taboos could be eliminated by improved receivers (a receiver-compatibility
problem) and some by improved antennas (an economic problem for some viewers). Co­
channel spacing is partly an antenna problem (depending on location) but mostly a problem of
system design. The FNOI points out that signals to be sent in tlie soon-to-be-assigned extra
channels must operate properly with substantially reduced interference protection. If this is
deemed practical for ATV signals, why is it not also essential for NTSC-quality signals?

3.2 Near-Term/Far-Term_Considerations

The FNOI points out that different ATV scenarios have different near- and far-term
implications for spect~ efficiency. If it is really possible, as stated by Zenith, to transmit
HDTV in 6 MHz noncompatibly using the taboo channels, then such a system provides higher
long-term efficiency than receiver-compatible systems that will require 1 1/2 channels per­
manently. The price is the temporary use of two channels.

An even more significant implication of the Zenith approach is the long-term viability of
NTSC itself. The situation in which NTSC is being transmitted in some channels at high
power and HDTV is being transmitted in other channels at lower power is, at least, peculiar.
From the viewpoint of other claimants for spectrum, it provides as clear an example as possible
of spectrum wastage. If all transmission were in the HDTV format, more stations could be
accommodated in a lower overall spectrum allotment, making room for other services. Furth­
ermore, if it is really possible to provide much better performance in the face of typical channel
degradations, as I believe, then the all-HDTV format would give substantially better picture
quality in typical homes.
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3.3 Ultimate Spectrum Efficiency 88 a Guide to Standards Decisions

Since spectrum is a scarce resource, it would seem that transmission standards should be.
preferred that use it most effectively. The elements of effectiveness include two separate but
related issues:

1. The number of stations that can be accommodated within a given overall spectrum
assignment. This is a function of required DjU ratio for a given quality of reception.

2. The picture quality actually produced in the home under typical conditions and
with a reasonably-priced antenna, per unit bandwidth. In addition to interference
from other stations, this includes the effect of noise, echoes, and frequency distortion.

It is clear that today's taboo channels must be used in order to make substantial improve-
-' ments in spectrum utilization. This cannot be done with NTSC. It is highly likely that it can

be done with some noncompatible formats. The issue, then, is whether a transition scenario
can be worked out that makes it possible to go to such a system eventually with minimum cost
and dislocation.
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4. ATV STANDARDS AND TRANSITION SCENARIOS

It should Qe understood that the reason why there is so much interest in this issue is
because everyone concerned realizes that the standard selected will go a long way toward
determining who wins and who loses in this next stage of television development. If it were a
purely aesthetic issue, or one that could be decided on a completely technological basis, there
would be much less excitement. Unfortunately, the public, which also has an interest in this
affair, is not well represented in the debate. Since the Communications Act requires the Com­
mission to regulate in the public interest, it is the Commission that has the responsibility for
ensuring that consumers get a fair deal.

4.1 NTSC Compatibility

The Commission has, at least temporarily, protected the installed base of receivers (and,
willy-nilly, VCR's) by requiring all broadcast ATV programs to be made available to NTSC
receivers. In. view of the fact that much better standards, according to the criteria mentioned
in Section 3, are realizable, the onlJl oolid public-interest reason lor maintaining NTSC compa­
tibilitJl in ATV is to protect todaJl's receivers. Any decisions about NTSC, for example
whether it should be modified or relaxed, should be taken with this principle in mind.

An important issue is whether today's receivers should be protected permanently. I think
not. There is no guarantee of permanence with respect to any other product sold. We regu­
larly buy new cars and appliances for improved performance or for less utilitarian reasons. We
dispose of the old ones at very low prices even though there is a lot of use left in them. All we
owe to today's receiver owners is that they should be able to use them for a reasonable period,
comparable to or a little longer than their expected life.

We should also bear in mind that the demand for compatibility is not coming from the
public. It is coming from broadcasters who, understandably, want to protect their audience
share, and not unduly to increase their costs. Surely, if we threatened to black out NTSC
receivers on January 1, 1989, we would hear from the public. If, on the other hand, we make a
decision that NTSC shall be phased out in 7 or 10 or 15 years,· and promise to replace it with
something much better, the public will very likely accept it. They would buy new receivers in
that time anyway, and, they can use the old NTSC receivers to play back tapes for decades to
come. In. all likelihood, they will also be able to buy relatively inexpensive set-top converters
that surely will appear on the market as the cut-off date approaches. What we have to do is
to devise a scenario that deals with the broadcasters' concerns about the cost of maintaining
audience share.

4.2 Costs of ATV to Terrestrial Broadcasters

The most important element for the acceptance of a transition scenario is dealing with the
legitimate concerns of terrestrial broadcasters. As in any other business, they must accept the
not-so-novel idea that additional investments are required to maintain their viability. HDTV

,. BriWD ud Fraaee, the traDlitioD to PAL ud SECAM from the earlier 40&- ud 81g..liDe systeJDI (Fruee had HDTV ud cave it
up for colorI) "'. successfully dOGe by meuas 01 simulcastillr for a period of about :.l years. Of coune, the situatioDS iD those couDtries ill

'-.J 1966 WU Dot the same • ill the US at preseDt.
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is coming via the alternative media, since costs in those media will be moderate and the quality
"-" can be high. In the short run, broadcasters can compete in their traditional way - by provid­

ing a wide variety of attractive programs, and by adhering to the time-proven principles of free
and universal service, with a strong dose of localism. They have a short-term advantage over
every other medium in doing this. In the long run, they must be able to compete in picture
and sound quality as well, since their programming advantages will lessen over time. As the
alternative media grow, the latter also will provide a lot of attractive programs, and they may
choose to make basic service so cheap that it will be essentially free. The latter action would
take away the most important advantage from traditional broadcasters.

Studio costs are essentially independent of the particular HDTV system chosen. Every
system calls for HDTV cameras, recorders, film scanners, outside-broadcast vans, and postpro-
duction equipment. During the compatible phase, no additional programming expense5 is
involved whether the receiver-compatible or simulcasting scheme is used, since initially the
same programs will be seen on all receivers. There will be an encoding or transcoding cost,
since an NTSC signal must be produced from the HDTV production system, and this cost does
depend somewhat on which production system is used.6

The main cost difference between the two schemes is the extra transmitter needed for
simulcasting as opposed to the transmitter modifications, if any, needed for receiver-compatible
transmissions.7 The Zenith proposal indicates that a very low-power transmitter would be
needed - essentially a linear amplifier - of the order of a few hundred watts. This is, indeed,
a very low cost as compared with other costs, such as programming, which are a normal part of
the broadcaster's expenses.

4.3 Ince~tive to Buy ATV Receivers

There is no evidence at all that a significant portion of the public will buy ATV receivers
solely to see. the same. programs in higher technical picture quality. In fact, for many of the
systems proposed, the incremental quality improvement in typical homes is likely to be negligi-
ble.8

This is the great weakness in the f1f8t step of the transition scenario embodied in the
FNOI. Although this plan may be unavoidable, we should recognize that it probably will
result in very slow market acceptance of ATV. It is more likely that ATV receivers will be
bought by subscribers to alternative media for the purpose of seeing desirable programs not

'Of COlIne, tbe~ will bave to be made iD HDTV. lIDd tbis will cost IOIDdbiDr exira, at least at first durinr tbe early pan of
*be leanaiDr curve. Prorrams made iD 35mm fUm sbould D<M cost exira.

'Clearly•• productiola IJatem frieDdlJ to NTSC such &I &D.N Hz, prornuively _Ded. would be the cheapest to *ruseode, aud
would live the best quality. Prorrams made iD fUm would bave DO trauscodiDr cost. siDce they simply would be used with two differeDt fUm
lClIDDen.

'R.eeeiver-compatible systems *bat use lID lIDpueDtatioD ebuDel COlt just about as much &I simuleastiDr schemes. It is hard to see lIDy
adVUltap <Mber tbllD *be use of SMHz exira ratber thau II MHz exirr.. Witb rood eDourh iDterfereDce performuee, II MHz would be Dearly
&I easy &I to plOVide &I S MHz.

'There are lOme wbo believe *bat • wid~ display. achieved by addiDr side PfIIels that ",uI, for NTSC compatibility. be devoid
ofimportaut iDformadoD. will plOVide neb lID iDcentive. There is DO evideuce tbat this is true; I *biDk it is hirhly uDlikely. It is worth
DotiDr tbe the EuropeaDl are Dot usiDr *bis meihod to achieve their derree of compatibility betWeeD wid_reeD HDTV lIDd uarrow-sereeD

"-.J PAL. Aspect-ratio coDsiderations are discussed iD AppeDdix ..
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available otherwise, or as soon, as there is plenty of evidence that PeOple are willing to pay for
"-../ programs. The f1l'8t entrepreneur who packages the price of the receiver with the price of the

programs may be the f1l'8t one who succeeds in selling ATV to the public.9

H programs sell receivers, what is needed is an imaginative scenario in which terrestrial
broadcasters can afford to transmit sPecial programs on a preferential basis in the channel ini­
tially used for HDTV in the simulcast mode. This cannot be done in the receiver-compatible
scheme.

One way this might be achieved is to provide a separate 'window' in time for ATV broad­
casts. At present, there is a succession of fairly short windows in time for new theatrical pre>
ductions - theaters, cable, cassette, and free TV. Increasingly, a window is being provided for
'pay-per-view' as well. Another window could be provided for free ATV, perhaps simultane­
ously with one of the other windows. Admittedly, this is an extra expense, but recall that the
broadcaster is being paid by the advertiser to induce the audience to watch. These early ATV
viewers will be mostly upscale, and it may well be that they will constitute a distinct target
audience for advertisers.

There is bound to be some extra cost to the broadcasters as they introduce ATV. H they
are not willing to bear any increased cost at all, they run the substantial risk of losing signifi­
cant audience share over a lQ.year time period, unless ATV is a complete failure.

4.4 Relationship between Receiver and Transmission Standards

There is no incentive to broadcast unless there are receivers and there is no incentive to
buy receivers until there are broadcasts. This is the classical 'chicken-and-egg' problem that
plagued color TV. Compatibility did not help much. (I believe it actually retarded the accep­
tance of color by the public.) People did not buy color receivers to watch monochrome pr~

grams. They are equally l:lJllikely to buy ATV receivers to watch NTSC.10 In the color case, the
problem eventually was solved by the investment of nearly $3 billion at today's prices by
David Sarnoff, an entrepreneur of a tyPe long since gone from the American scene.ll

With the likely weak demand for receivers, the situation would be made much worse by
fragmenting the already small audience by means of different standards in the various media,
each associated with a different receiver, all mutually incompatible. This eventuality should be
prevented at all costs if we are sincere about wanting ATV to be a success. There seem to be
only two solutions - require all media to use the same transmission standard (the broadcas­
ters' choice) or require all the receivers to be adaptable to the various standards likely to be
used.12 The latter certainly would be the public's choice provided the cost were not excessive.
Such receivers are discussed in Section 5 and Appendix 4.

'TIle experience of the FreDch witk Mi_d may be iDstrudiYe. The SOVer1UJleDt "••e ..., the termiDais aDd thereby Mi'llild became
the world's tint suceeufal videotex lI)"Item.

lOA much leu c:a.t1)o way to set~ NTSC receptiOil is to bay aD IDTV receiver or iDstaU lOme version of FaroadJa'slI)"Item.

lilt is IIld to viait the carefalJr maiIlWiled Samotr muaeam IU the former research IaborlUoriel of RCA iD PriDcetOll, _tty pven
away to SRI • pan of the GE/RCA takeover. It is rather clear whIU David Samotr would have thoupt of thlU.

1'If a preee:ribed rup of bmatI were required to be deeodable OIl all saeh receivers, thIU would provide aD iDeeDtive for the
aheruative media to chOCllle a stllDdard withiD the rup.
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Some people believe that, in spite of what the alternative media spokesmen are clearly
saying, that in the end they will choose the same standard as terrestrial broadcasters on
account of economic necessity. I think this is unlikely. Companies act in their perceived self­
interest, so they will choose standards that they think will be most appropriate for their
intended mode of using ATV. Many alternative broadcasters are planning to use ATV, not
principally to retransmit programs that they receive from networks and local TV stations, but
to originate special programs for niche markets such as pay-per-view. In that case, they will
want to differentiate their product, rather than make it look like an over-the-air program. At
least some of these programs would be made specifically for the wide screen and with as high a
resolution as possible in each medium. There is no reason for cable and DBS to limit them­
selves by imitating TV stations unless they have an (economic) incentive to do so.

4.5 A Friendly Family of -Standards for all the Media

Based on proposed systems that use subband coding, such as those of Zenith and MIT,
there is a possibility that a hierarchical family of"standardsl3 could be developed that would
permit each medium to use a system that' maximized its own performance, but at the same
made possible very easy interchange among systems. Subband coding is inherently efficient,
since the division of the 3-d spectrum of the signal into components makes possible the assign­
ment of channel capacity to each component in accordance with its visual importance. The
production system would have the most components (and therefore the highest resolution) and
the over-the-air system the fewest, with DBS and cable somewliere in the middle. Down­
conversion would simply discard components. Up-converted signals would not have such high
performance, but at least the systems would be easily transcoded. The components actually
used could be repackaged in each medium for best channel performance.

4.6 Production Standards

The extreme concern shown in other fora, by the parties involved in this Inquiry, over the
selection of production standards is also due to the' effect such a seleCtion is likely to have on
who wins and who loses. If it really didn't make any difference, it is most unlikely that we
would have seen the 1125/30/0014 system pushed on us with such vigor. Indeed, it is still being
pushed by some, allegedly in the hope that there is some chance that a world-wide standard
may yet come to pass. There is no longer any realistic hope that this will happen, if, indeed,
there ever was.IS

Intelligent design of a television system starts with the receiver technology, then selects
the channel, designs the transmission system, and fmally devises a production system. Of
course, if one is making film, the production system comes flrst, but in that case, it would be

I'lt was BirDer D&)'toa of Crus Valley who first sun-ted this approach duriDe a discassioD of productioD sWidards, I believe.

14Ja this paper, the desipatioD A/B/C refen to a TV l)'ltem with A liDes/frame, 8 fn.mes/sec ud C fields/sec

I'm reUoepeet, there Dever was mua likelihood that the Europe&llS would have accepted a 6O-Hz staadard, siDce it would be all cost
ud DO beDefit to them, protedioaist arrameau aside. It would have beea better if ther had stated 10 iD the first place, iDstead of carpine
about the quality of CODvenioa from 1125 to PAL. Their CUrreDt inteatioDs iD this matter are crystal-clear. To cootiDue to preteDd that
there is uy chuce for world-wide acnemmt OD this matter is couter-productive.
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perverse to use anything but 24 frames/see, progressively scanned.16 The claim that it is possi-
"'-'" ble, in principle, to convert between any two formats with good quality, is correct. This was

demonstrated by NHK's 1125-t~PAL converter. However, there is a difference in cost depend­
ing on the relationship of the two standards. The easiest conversion, b!lfar, is between stan­
dards that use the same field rate and in which the source system is progressive. It should be
bome in mind that transcoders will never be made in very large quantity, so that the
economies of scale that apply, for example to receivers, do not apply to transcoders.

The history of its development shows very clearly that the NHK wideband system was
not designed as a production system.17 If it had been, it would have used progressive scanning.
It was clearly designed as a DBS system without storage so that the scanning standards of
camera, channel signal, and display were all the same. The system was successfully demon­
strated in that mode in 1978, using a transponder channel over 100 MHz wide. [4, p. 84] Evi­
dently, that was deemed uneconomic, and so about 1982, development was started on a
bandwidth-compression system, announced as MUSE in 1984. MUSE can be transmitted in a
normal transponder channel, for which service it is well adapted. It was not originally designed
either for cable or over-the-air transmission, in which services it would be expected to be worse
than NTSC in its vulnerability to analog channel degradation.

The question of production standards cannot be avoided in the present Inquiry, even
though the principal goal is to select ATV transmission standards. The candidate systems
must be tested. Amazingly enough, there are those who are pressing to test all such systems
with 1125/30/60 on the grounds that it is the only thing around. Actually, it is not the only
thing. around. The Bosch KLH-1000 camera, for example, works in a range of formats, includ­
ing 1050/29.97/59.94 and 525/59.94/59.94. Since the proper design of a production system
should come only after a transmission system is selected, it would be best to test each proposed
transmission system with whichever production system it works best. If a single production
system were to be forced on all candidates, then 24-frame film would be the most important,
since film provides such a large proportion of prime-time programming.IS

4.6.1 Program-interchange standards

The ccm has no legitimate 'interest in production standards, which are an internal
matter of the nations involved. However, the case for a CCm-codified interchange standard,
to replace or supplement film, which now serves as a de facto standard, is a good one. The

lIToda)"s IIDTV c:uoens would procl_ sipiflc:utly bieber film quality if tbe borizoDtal IICaD frequency were kept tbe lI&IDe aDd tbe
venic:aI frequency were reduced to 2C IlL Tbe verUcal resolutioD. of tbe cameras would iDereue substaDtia111 aDd tbe motion reuditiou on
the film would probably be better, slace tbe eo-to-2C Hz doWll-eoDversiou would be avoided.

IfTbe massive repori on tlUs l)'ltem 1'1 does not bave a smete meutioD. of its use .. a production system. SiDee it is iDtended, iD
Japu, that tbe IIDTV aerviee is to be .tireIy separate, with NTSC heiDe maiDtaiDed for terrestrial transmission, tbe question of its
friendliBess to NTSC appareutly never aroee durine its development.

I'Ja ID1 opinion, 2C.Hz prorressive is • viable CllDdidate for produetiou for all media. It would make tbe best film. The transeodiDr
ee.t would be neltirible, siDce its siIDal could radii)' be made to 'look' just like that from aD NTSC film IlCaDner, The cameras would rive
bicher vertieal reeoIution, II meDtioued previously. However, it would require motlon-eompeasUed iDterpolation for up-eouversiOoto tbe
ATV transmissiou format, aDd I find tbat aceeptaace of this kiBd of proeessme is not suffiqently widespread iD tbe TV community at tbe
Prelellt time. In time, witb more demoasnuious of sood motioa-eompelllUed iDterpoIUion, I believe tbat tbis metbod will raiD wide
aceeptaace•

..-...-/
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problem here, however, is the same as with production standards. H, for whatever reason, dif-
\....../ ferent countries use different transmission standards, the transcoding costs depend on which

interchange standard is used. For the 5O-Hz countries, neither 60 Hz nor 59.94 Hz is satisfac­
tory, so there is no motivation for them to use it. We are simply not going to have a world­
wide interchange standard, not matter how desirable that would be in theory.

The arPm,ent is sometimes made that the US must use 1125 in order not to lose its
advantage in selling programs overseas. This argument, as far as I can tell from speaking to
industry people engaged on a daily basis in this matter, has no foundation in fact. The techni­
cal format in which programs are produced has absolutely nothing to do with their salability ­
it is not even an issue often raised. US-made movies and TV programs enjoy world-wide popu­
larity (like Levis, Coke, and Big Macs) because they express the American spirit, and not
because of their format. Furthermore, the largest market for American theatrical productions
is Europe, and the Europeans have made it as plain as possible than they are not going to use
1125. It is time to stop using this argument at all levels of American discussion, including the
US Government.

4.7 A Superstandard?

Given the present situation with respect to plans for ATV in the US, Europe, and Japan,
it appears that there will be three different production standards. This is not solely due to
bull-headedness or simple protectionism on the part of those involved. It comes about because
compatibility concerns have led to real differences in the transmission systeID8 to be used in the
US and Europe and because there are real costs associated with the use of an unfriendly source
system. This being the case, it might be more productive to stop trying to attain the unattain­
able and instead turn our attention to a possible superstandard from which the three produc­
tion standards, as well as film, could be derived.

One thousand lines is certainly not the last word in high resolution. In graphic arts, 200
to 1000 lines per inch is routine. Electronic still photography, an industry waiting to be borne,
and moreover one in which the US is probably ahead of Japan through the efforts of Kodak
and Polaroid, also requires more than 1000 lines. Computer graphics, CAD/CAM/CAE all
could use more. There seeID8 to be a substantial perceptual improvement between 1000 and
2000 lines.19

Looking ahead to the time when further progress in cameras and scanners makes it practi­
cal to deal with much higher resolution, it would appear possible to develop a superstandard in
the neighborhood of 2000 lines progresssively scanned. The several production standards could
be derived from the superstandard, and the latter could be used directly for applications
requiring the higher resolution.

I'IJa our 1aborUory, we have bel!Il sJaowilae ~Uae Imaees to visitors for the last year. These are display 011 a 2Ix2O- Soay moDitor
aiDe pictures ICUlDed 011 a Scltex sraPhic-artI lCUlIler•. They iDvariably plOVOke a stroDe favorable reactioD from visitors.
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5. THE 'SMART' OPEN-ARCHITECTURE RECEIVER (OAR)

One thing that is certain about the future of television is that there is going to be a con­
vergence between TV and computer technology. We are already seeing this happen all around
us. A modern TV terminal is basically· a TV receiver. Telco plans for fiber to the home
depend on subscribers' willingness to pay for additional services not now being used, many of
which will involve interfacing the TV set to other devices. Today's high-end TV sets are using
an increasing amount of sophisticated chips, including frame memories and microprocessors.2O

Less certain, but highly probable, is the existence of several different ATV transmission
standards. What is absolutely certain is that all ATV receivers will cope with NTSC as well,
and they almost surely will do this by upconverting the NTSC signal to the high-resolution
display format. This requires a certain minimum computing power.

All this means that ATV receivers are going to do a lot of signal processing. Any engineer
who graduated from school in this decade, faced with this kind of a problem, would use a bus­
structured design.21 Bus-structured systems, invariably used in computers, may be 'open' or
'closed.' An open architecture invites third parties to provide add-ons in the form of software
and hardware to add functionality. It also facilitates interfacing with other equipment and
transmission lines. Open architecture was responsible for the quick success of the mM PC.
This success led Apple to embrace open architecture in the MacIntosh. It is not a novel or
radical idea. It is the normal way to design complicated systems today.

The proposal to use the OAR for ATV has met with a chilly response from many receiver
manufacturers, although communication companies and computer companies have been more
ready to embrace the concept. The response from the Electronic Industries Association was
notable for the scale and character of the objections. These complaints were contained in a
letter to Chairman Patrick [51 to which I replied [61. My opinion about the EIA objections is
that they are entirely without basis in fact.22 There i8 a legitimate question of cost. There i8
no other legitimate objection to the OAR. This being the case, one has to ask what makes
receiver manufacturers so uncomfortable with this concept? A partial answer to this question
can be found in the traditional reluctance in well established industries to embrace new tech­
nology. This is part of the reason why the Japanese did so well after WW IT when they were
forced to rebuild their entire industry, and naturally used the most modem methods. We did
not do the same, and suffered the consequences, for example in the steel industry. The TV
industry itself has been notable in this respect. There was tardiness in abandoning vacuum
tubes and in going to modem assembly methods.

There are other explanations for opposition to the OAR aside from concern about new
(i.e., new to the opponents) technology. The commodity-type receiver now dominates the

lDTIae MUSE receiver belar deeiped by NIIK will lIIe a mic:roproceuor for autolDliic cbUUlel equalizatioa, aDd very likely for other
pUlpOlell .. welL There is already a fair UIlOWlt of computer)' iD prosrammable VCR's aDd cable-ready TV receivers.

'lIt is likely that ITT, maDufacturer of diptal chip sets for today's receivers, will 10 to a bus structure for rreater flexibility aDd to
permit softw_bued sipal proeessiDr. Du structures are also advocated for automobile electronic control systems and for 'Smart House,'
a plaa for iDtrodueiDr maDy new eleeUoDie services for residential applieatioD. .

nAt a meetiDr of the ATSC OD this subject on October ~ 1988, I dealt with tbe EIA objections one by one. The EIA representative
who followed me did not reply to a .iDpe arpment tbat I presented, and I must tberefore conclude that he cannot refute tbe poiDts made.
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market. It has become low tech, and, as such, difficult to make in the US at a profit.23 The
low cost associated with current receivers drove many US manufacturers out of the business
and/or forced them to go off-shore for manufacturing. However, ATV receivers will not be
made on cookie-cutters, at least for some time to come. They will be high-tech since there will
be much more sophisticat,ed signal processing (MUSE is a good example), there will be frame
memories, and there will be scan conversion. There will be much more interconnection to
other equipment, and probably to multiple signal sources. The OAR is the best way to deal
with this complexity.

Another advantage of the OAR is that it makes it possible to improve the performance of
the chosen ATV system in an evolutionary manner after inception. The rapid progress in TV
system design being made now under pressure of the Inquiry will clearly not stop abruptly
when an initial standard is selected. Improved components, particularly special signal­
processing chips, will continue to come along. The OAR provides the means to incorporate
these improvements in receivers whenever they become cheap enough to reach the market. A
commodity-type single-standard receiver, by nature, cannot be adapted in this manner.

5.1 Cost of the OAR

In today's NTSC receiver, signal processing accounts for 10-12% of the cost, according to
a statement made on November 17 by Peter F. McCloskey, president of EIA, to a meeting of
the Commerce Dept. Advisory Committee on ATV, of which I am a member. Most of the cost
of today's TV sets is associated with the picture tube, cabinet, and power supply. In ATV
receivers, picture tubes will be much more expensive, partly because most of them will be
large. Therefore, even if the OAR configuration materially raised the cost of signal processing
(which I doubt it would) the total cost of the receiver would be hardly affected at all. The
added complexity of ATV receivers is inherent iIi the signal and display formats that will be
used. Today, however, complexity is not invariably associated with high cost. What we are
proposing is to use a bus structure to deal with complexity, a step that adds very little cost,
but enormously increases the flexibility for manufacturers as well as consumers.

The bus structure lends itself just as much to cost reduction as any other design principle.
This paper is being typed on an mM/XT which has been reduced in price from $4000 to about
$1000 in the last 4-5 years. ATV receivers will be expensive at first, regardless of how they are
built. Recall that monochrome receivers cost about $3000 at today's prices when first intro­
duced in the late 40's, and color receivers cost about the same on the same basis in the 60's.
ATV receivers will come to the market at about $3000, partly because that is what manufac­
turers seem to think early adopters will pay. As volume grows and the manufacturers proceed
down the learning curve, the price will drop to a modest increment over the price of NTSC
receivers of the same size. This could change with some breakthrough in display technology,
which might reduce the cost of all kinds of large-screen receivers.

"MaD,. of the receivers 'made' in the US b,. foreip-owned compallies import the boards aDd semicoodudon.
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5.2 The OAR and standards setting

The OAR is not an excuse for failure to set standards. It is a realistic response to the
likelihood that there will be more than one ATV standard'in the various media. Even if there
were a single ATV standard, the OAR would still be useful for its flexibility and ease of inter­
connection. Standards for broadcasting should be set when there is enough information so that
serious mistakes are unlikely. We have not reached that point yet, particularly as most pro­
ponents have not yet come to grips with the reality of transmitting improved pictures in
today's channels.

With respect to the alternative media preferring no regulation of their formats, that is
quite natural in view of the fact that these media have technically superior channels and want
to take advantage of this situation to transmit superior pictures. It is hard to see how it is in
the public interest to force a purveyor to market an inferior product to make sure it is no
better than someone else's. To do so, the Commission would have to find that terrestrial
broadcasting is the only way to preserve free and universal service and that its survival is
threatened by better pictures in other media. Actually, its survival is already threatened by
competition from alternative media using NTSC. The broadcaster's channel cannot be cleaned
up if NTSC continues to be used. The best thing that the Commission could do to preserve
the broadcasters, if picture quality in the home is really the issue, is to make it possible for
them to go to a more robust transmission format.

Actually, the physical characteristics of the several media are sufficiently different so that
somewhat different transmission formats are justified on technical grounds. For example, cable
has an entirely different situation with respect to both co-channel and adjacent-channel
interference and with respect to SNR. As discussed above in Section 4.5, it may well be possi­
ble to contrive a family of closely related standards for the different media so that transcoding
among them would be very easy and that channel performance would be maximized. Of
course, all the members of the family would be displayable on the OAR.

5.3 The OAR and multiport standards

The case for baseband RGB or YIC inputs to TV receivers is so strong that they should
have been made mandatory long ago.24 Substantially better performance would be achieved
when interconnection were used, as with VCR's and video games. They should be made man­
datory now. However, they are not a substitute for the OAR, as they would result in a multi­
plicity of set-top converters when several different input standards are involved.

Standards conversion involves both the scanning standard and the modulation method. In
the case of very similar scanning frequencies and modulation methods, the 'multisync' scheme
used in PAL/NTSC receivers is appropriate. The scanning frequencies of the two systems are
quite similar, and converting among the three modulation methods is rather simple. The net
result is a receiver that has all the functions of two separate receivers for the two separate
standards. Multisync is also used in some computer monitors, again for scanning rates that are

HGeaenU7' spealWar, all maDuIacturers prefer the least replatioa. However, a requimneat that all of a elau of products meet ceriaiD
requiremeDts ,rof,d, the maDUfachrer who WIIDts to iJlcorporUe some product improvemeot that is Dot immedlUely obvious to the
COUSUJDer. A perfect example Is the AD-CbIlDDel Receiver Law, which made UHF ecODomkaJ1y viable.
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not too dissimilar. A multiport approach is feasible in this case as well.

When scanning standards are very far apart, especially the horizontal scanning frequen­
cies, the cost of changing the actual scan frequency of the display tube becomes prohibitive. In
that case, scan conversion is better, in which the lower-frequency input signal is uJH=onverted
to the higher frequency for display. With this method, the display standard is never changed,.
no matter what line rate is used in transmission. This is the scheme to be used in the NHK
MUSE receiver previously mentioned.

Upconversion for display is becoming increasingly common. It is one of the methods used
to improve NTSC. in which the display is 525 lines progressive, 1050 lines interlaced, or even
1050 lines progressive. The Eureka receivers will have a similar scheme. It is now well esta­
blished that to get the highest possible image quality with a given transmission standard, the
highest possible standard should be used for the display. With uJH=onversion hardware already
present, it makes sense to convert all input signals, no matter what the scan rate, up to the
display rate in low-level signal-processing hardware, leaving the display rate unchanged. Of
course, all receivers do not have to use the same display rate. The more expensive the
receiver, the higher the display standard should be. Relying on the multiport approach when
scanning standards are very different would require a dedicated set-top scan converter for each
different signal. To restrict all systems and receivers to a narrow range of scanning standards,
which is what is required to make the multiport concept cover all cases cheaply, would impose
a severe restriction on the kinds of systems and receivers that could be developed.
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6. RECOMMENDATIONS AND CONCLUSIONS

In this section, the proposed bases for decision-making with respect to ATV are given and
a short list of actions that the Commission is urged to take is presented. Much of what I
believe the government ought to do in this case is beyond the usual scope of Commission
activities or,. at least, requires cooperation with other government agencies. Some actions may
require that the Congress give the Commission additional power or that it clarify powers that
the Commission may now have under existing law. I urge the Commission to seek such action
or such additional powers, should it concur with these recommendations.

6.1 Bases for FCC action

The primary basis for Commission decisions is the public interest. H the public could be
adequately protected by a totally free market, there would be no need for an FCC. This
interest certainly includes the maintenance of free and universal service on relatively inexpen­
sive receivers as long as the public continues to give clear and convincing evidence that it
wishes it. Within this generality, specific points of that interest can readily be identified. .

1. Ouerall economic ellect. The primary direct economic effect depends on the
value added to TV products manufactured in the US as compared with the total
value of all TV products sold in the US. A secondary, but perhaps equally
important, effect is the viability of the domestic consumer-electronics and sem­
iconductor industries. Rapid growth of ATV with an adequate proportion of
domestic manufacturing is highly desirable. The current investment in NTSC
equipment by industry and the public must be protected for a reasonable period,
but not indefmitely. Today's broadcasters should have a reasonable opportunity
to participate in ATV.

2. Spectrum conserootion. There is, and there likely will continue to be, less
spectrum available than could be profitably employed. Considering the very
large proportion of the most easily used spectrum allocated to TV, a strong bias
in favor of systems that deliver better pictures and sound from the largest
number of stations to the largest number of receivers within the smallest overall
spectrum allocation is entirely reasonable.

3. Serwce qualitJl ddiwred to the home under tJlpical conditions. The Commis­
sion should give more weight to quality in the home than in the studio. Today's
NTSC studio quality is very good - the American public would be delighted to
get it at home. Systems that deliver improved picture and sound under typical
home conditions via the terrestrial broadcasting system should be given prefer­
ence over systems that simply maintain today's performance in this regard.

4. FlaibilitJl ouer the li/e 0/ the system. The clearest aspect of today's techno­
logical environment is that it is changing very rapidly. Thirty years is too long

............., to wait to get improvements to the public from the laboratory. The next televi­
sion system should be able to be improved over time without obsolescence of
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studio, transmission, or reception equipment. Receivers should be easily inter-
'-.-/ faced with the wide variety of equipment and services that is surely coming.

Preferences should be given to new systems in which such flexibility is inherent.

6.2 Recommendations

. These recommendations are entirely or partly within the rule-making power of the Com­
mission. A broader range of proposals is contained in Appendix 7.

--- 1. Withdraw support lor the NHK production standard and do not require its use
lor testing proposed systems under the current Inquiry. H it ever was in our
interest to support this system, it certainly is not now, especially in the light of
the Tentative Decision and FNOI. In similar regard, advice tendered by organi­
zations in which foreign-owned companies have an important voice, such as
ATSC and EIA, should be given particularly careful scrutiny to see whose
interests such advice would advance.

2. Decide on a delinite plan lor the development and introduction 01 ATV,
including the eventual phasing out 01 NTSO, with lull consideration 01 the
economic lactors. The plan need not select one of the proposed systems, but
might well incorporate desired features from a number of different proposals.
Some timing flexibility might be incorporated. Such a decision would remove
some of the uncertainly that stands in the way of private investment. The US is
the largest TV market in the world. A system guaranteed to be deployed in the
US will surely attract the needed investment from foreign as well as domestic
manufacturers.

3. Require ATV receivers and pen'pheral equipment to be used with them, such as
VOR's, to be adaptable to some range 01 ATV syltems. (Regulation should be
just enough to achieve the objectives. In particular, scanning standards of the
display should be optional.) This range should include the kinds of systems con­
templated in the development plan discussed in Item 2. H a number of mutually
incompatible ATV receivers appear on the market, advanced television will be
struck a serious, if not fatal, blow. All participants, including the public, will lose
money, and the economy will be the worse for it. This eventuality should be
prevented, if at all possible.

4. Encourage the alternative media to adopt transmiBBion standards that are
Iriendly to those the OommiBBion is likely to adopt lor terrestrial transmiBBion.
The receiver-compatibility standards of Item 3 would be helpful in this regard.
Additional steps might include spectrum. assignments for DBS and for satellite
transmission to cable head ends, interference requirements for cable, and the
eventual promulgation of a family of digital ATV transuiission standards for pro­
posed digital media, when research in this field is sufficiently far advanced.
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Appendix 1. Comments on Specific Questions Raised in the FNOI

(Numbers refer to paragraphs in the FNOI.)

4. Comments on the, Tentative Decision. All Americans should applaud the
Tentative Decision, as it goes a long way toward restoring control of the destiny
of the US television system to American interests. The decision to require all
ATV broadcasts to be displayable on NTSC receivers was inevitable, considering
the very large installed base. However, it is very unlikely that many viewers will
pay $3000 or more just to see the same programs in somewhat higher picture
quality. I urge that this requirement be made temporary, and that, as soon as
the situation permits, that broadcasters be allowed to use special programs to
entice viewers to the new system.

In the long run, the public will be better off with an entirely new system,
since typical picture quality can be improved and many more stations accomm~
dated within the overall spectrum allocation. This transition should be
encouraged as long as it does not lead to excessive cost to any significant portion
of those involved.

5.1 The Interim Report. The interim report leaves unresolved the questions of
multiple ATV standards and mutually incompatible receivers. These questions
should be resolved.
5.2 Sf/stems that operate under strong interference conditions. In Appendix 2,
we discuss systems being developed at MIT that permit reliable operation under
strong interference. Our preliminary results· indicate that we can successfully
transmit in the prese~ce of an interfering NTSC signal 9 dB higher than our sig­
nal. If all signals used our coding method, we would need a D/U ratio of 9 to 12
dB. These are tentative results.
5.3 Bandwidth for HDTV. Since we advocate eventual phasing out of NTSC, the
transition scenario we favor is the one most likely to lead to this result. Simul­
casting, using 6 MHz each for the ATV signal and an unmodified NTSC signal,
as proposed by Zenith, seems best. Systems that use an augmentation channel
should bear the burden of demonstrating that they can serve as a bridge to a
fmal spectrum-efficient system.
5.4 Relaz or repeal NTSCf Since NTSC will be with us for some time, it is
worthwhile to improve the picture quality as much as practical, even if this takes
some modification of standards. The goal, however, should be to phase it out.
5.5-5.6 No comment.

10. Standards for terrutrial ATV. I believe that 6 MHz will be shown to be
adequate for very good quality pictures delivered to the home under typical
channel conditions.

12. Simulcasting or compatibilitf/. We are developing both kinds of systems, but
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on the grounds of spectrum. efficiency &1ld good picture quality in the presence of
poor ch&nnel conditions, we favor simulcasting.

14. Multiple Btandard8 in the oorious media. We discussed this in the main part
of the comments. Mutually incompatible ATV receivers on the market may well
be the death of ATV, &1ld should be avoided.

15. EurektJ eompati6ilitll. The Europeans call their system compatible. Viewers
need a satellite converter, &1ld the pl&1l is to put the required additional circuitry
in the box so that conventional PAL receivers C&1l be used.

18. A,sped ratio. See Appendix 4 for a discussion of this very important issue.

19. Transition sehemu. The burden of proof that a system facilitates the tr&1l­
sition to the ultimate system lies with the pro.l>Onent. Unless the receivers of the
bridge system C&1l be used in the fmal system, there will be a problem with pub­
lic accept&1lce, or else &1lother reverse compatibility problem will be created.

21. Produdion standard8. This issue C&nnot be avoided, even if the goal is to
determine a transmission st&1ldard only. See Section 4.6.

29. The MIT sllBtems. In Appendix 2, we discuss new versions of our systems
having better perform&nce in poor ch&nnels.

57,63. Required DIU ratios. It appears that both the Zenith &1ld MIT systems
C&1l operate at very low D/U ratios, &1ld thus permit use of taboo channels for
either augmentation information or &1l independent HDTV signal. Both are dis­
cussed in Appendix 2.

81. Conelusions G8 to eonditions under whieh eztra spedrum is available. We
believe these conclusions are sound. However, they do not proceed to the logical
next step as to what to do about NTSC. If HDTV is possible in 6 MHz at low
power with good protection against channel defects, while NTSC requires high
power for inferior pictures, the argument for maintaining NTSC indefmitely is
quite weak. A study is called for that assumes all transmissions are in the same
robust format &1ld C&1l operate at much lower D/U ratios th&1l NTSC. The ques­
tion is, how much overall spectrum. allocation is then required to accommodate
some increase in the total number of licensees? If this total amount of spectrum.
is subst&1ltially smaller th&1l that now allocated, action seems called for.

82. CompGtibilitll in the transition period. If it C&1l be shown that much better
performance is possible with totally new systems, then the goal should be to
phase out NTSC within a period somewhat longer th&1l the expected life of
NTSC receivers. Everyone could then make the transition in the context of
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